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Introduction
43
In many deltaic areas and coastal plains, groundwater is saline due to the 44 Quaternary marine transgressions that originated them or to seawater intrusion 45 (Custodio and Bruggeman, 1987; Stuyfzand and Stuurman, 1994; Logan et al., 1999; 46 these environments, the presence of sand dunes, littoral shell ridges or palaeochannels M A N U S C R I P T
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5 sustainability of the water resource and ensure the wellbeing of the inhabitants in the 96 region.
97
The objectives of this work are to determine the hydrogeochemical processes ) with a ratio close to 1:1 (Fig. 2) .
151
In the supply wells, the salinity expressed as TDS is low (below 1500 mg/L),
152
except for a sample that shows values of 2400 mg/L ( consumption, as 70% of them are above this value. In the case of fluorides, the 163 maximum limit is 1.5 mg/L, with 28% of the samples from the phreatic aquifer being 164 above such a limit. As regards pH, it can be observed that the concentrations of both 165 fluoride and arsenic tend to increase towards more alkaline pH values ( Fig. 4b and c) . 
Characterisation of freshwater lenses in relation to mining
175
The study area comprises a shell ridge that, according to the topographic charts, which only occurs in the shell-ridge areas of the wetland (Fig. 6 ).
188
The analysis of aerial photography from 1984 and satellite images from 2013 189 allowed the documentation of the temporal evolution of the mining operations. These
can be identified by the presence of excavations intersecting the water 
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When the mining exploitations from 1984 and 2013 are compared, four sectors 214 in which the mining activity caused major modifications can be recognised (Fig. 7 ).
215
Sector a shows a 100% increase of the surface affected by mining, with a reduction of 216 the Celtis tala forest of almost 50% (Fig. 7a) . In Sector b, there are no significant 217 changes, showing pits in the same sectors in both periods (Fig. 7b) . In Sector c, the 218 surface of mining exploitation increased almost 100%, with a larger number of pits and 219 an almost complete depletion of the Celtis tala vegetation (Fig. 7c) . Finally, in Sector d 220 the situation is similar on both dates, showing a large number of pits (Fig. 7d) . 
252
The Ca 2+ /Na + cation exchange processes, the alteration of albite and the reprecipitation 253 of carbonates contribute to Na + becoming the dominant cation, which leads to the 254 predominance of Na -HCO 3 facies.
255
The contents of fluoride and arsenic in groundwater originate from the alteration Canter, 1996) .
269
Finally, the evapotranspiration processes are also relevant in phreatic aquifers,
270
given their connection with the atmosphere through the UZ and plant roots, mainly in 271 the shallower ones, and also because rainwater may evaporate before it infiltrates. In the (Fig. 9a) . The mining exploitations below the water table form lakes in which 292 saline water may enter laterally from the coastal plain and the marsh, decreasing the 293 quality of the freshwater lenses (Fig. 9b) . Besides, the evaporation processes also 294 contribute to the salinization, as well as exposing these areas to the direct entry of 295 contaminants from the surface. When the mining exploitations are at the same height as 296 the adjacent coastal plain and marsh, and even though the sandy sediments used to refill 297 the quarries are permeable, the infiltration of rainwater is lower and, therefore, the lens 298 is less thick. This, in addition to the loss of the positive morphology that determines the 299 existence of the freshwater lens as a recharge zone, leads to the salinization of water in 300 periods of scarce precipitations (Fig. 9c) .
301
In the vicinity of the locality of Cerro de la Gloria, few shell-ridge sectors still The economic and population development of any region is strongly dependent 312 on water sources. In the case studied, the water stored in the lenses of the shell ridges is 313 the only possibility for the supply of fresh groundwater, which is why understanding the 314 hydrogeochemical processes and the state of the reserves is vital in order to develop 315 sustainable management plans.
316
The hydrogeochemical processes regulating the quality of the groundwater in the The exploitation of the shell ridges should be undertaken in a rational manner, White, I., Falkland, T., Metutera, T., Metai, E., Overmars, M., Pérez, P., Dray, A., 2007.
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